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PRELIMINARY AND SHORT REPORTS
THE COMPONENTS OF THE CORNIFIED EPITHELIUM OF THE
HUMAN SKIN*
A. GEDEON MATOLT5Y, M.D. AND CONSTANCE A. BALSAMO, B.A.
The main component of the cornified epithelium of the human skin has been considered
as a soft type of keratin, being insoluble in water, neutral salt solutions and organic sol-
vents. In addition to keratin, water-soluble substances (1, 2, 3) such as free amino acids,
metabolic by-products, etc. and lipids (4) were also identified. Further investigation of the
components of the cornified epithelium appears of primary importance for better under-
standing of both protective function and mechanism of keratinization of epidermal tissue.
In the present study isolated cornified epithelium of human plantar skin (pooled sam-
ples of callus) was broken down into its single cellular constituents by grinding for 17 hours
in a porcelain ball mill at a constant speed of 115 r.p.m. Chemical analyses of dry pulverized
cornified epithelium showed that it contains 2.5 per cent ash, 15.6 to 16.6 per cent nitrogen,
0.08 per cent phosphorus, 0.6 to 0.8 per cent cystine, 1.6 per cent carbohydrates and 7 to
9 per cent ethanol extractable lipids. This preparation, in turn, was separated into a sol-
uble fraction and a residue. (Table I).
The soluble fraction was extracted from the pulverized cornified epithelium with 1/15
M phosphate buffer of pH 7.1. Dry weight determinations showed that it constituted about
21 per cent of the cornified epithelium. About 40 per cent of the soluble fraction was dialyz-
able, whereas approximately 60 per cent was a non-dialyzable component. The latter was
identified as a protein and will be referred to as "soluble epidermal keratin". The isoelectric
point of soluble epidermal keratin as determined by electrophoresis in 0.1 M (glycine-HC1-
NaOH mixtures) was pH 4.1 (Fig. 1). Chemical analyses of dry soluble epidermal keratin
revealed 15.7 per cent nitrogen, no phosphorus, 0.3 per cent cystine and 1.7 per cent carbo-
hydrates. Tests for nucleic acids were negative.
The main components of the dialyzable part of soluble fraction were isolated by con-
tinuous zone electrophoresis (5) and identified as free amino acids (Fig. 2). Other con-
stituents of this fraction were not investigated.
The residue of the cornified epithelium, remaining after extraction of the soluble frac-
tion, could be rendered soluble in alkaline solutions having a pH around 12. Effective solu-
bilization was obtained with 0.02 N sodium hydroxide, 0.02 M sodium sulfide and also with
mixtures of 10 mM potassium cyanide or 2.5 mM thioglycolic acid or 50 per cent urea in
0.02 N sodium hydroxide. By the use of these solvents most of the residue of the cornified
epithelium went into solution as a non-dialyzable substance of high molecular weight and
maximally only about 20 per cent was lost as a low molecular weight dialyzable substance.
The "epidermal keratinc derivative" obtained by these solvents was precipitable upon
acidification topll 4.1. Precipitated epidermal keratin derivative did not dissolve in neutral
or slightly alkaline buffers, but could be redissolved in 0.01 N sodium hydroxide and then
transferred into weaker alkaline solutions or buffers of different pH. Analyses of twice
precipitated and dried epidermal kcratin derivatives revealed different data which are
listed in Table II. The isoelectric point of epidermal keratin derivative (prepared with 0.02
N NaOH) as determined by electrophorcsis in 0.1M (glycinc-HC1-NaOH mixtures) was
pH 4.1 (Fig. 1).
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TABLE I
PULVERIZED CORNIFIED EPITHELIUM
neutral solution
SOLUBLE FRACTION RESIDUE
(epidermal keratin and
resistant component)
dialysis buffer of pH 10—13
dialyz able non-dialyz able soluble resistant
component component component component
FREE AMINO ACIDS SOLUBLE EPIDERMAL RESISTANT
and unknown EPIDERMAL KERATIN CELL MEMBRANES
substances KERATIN DERIVATIVE OF CO1tNIFIED
CELLS
'
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FIG. 1 FIG. 2
FIG. 1. Electrophoretic mobility of "soluble epidermal keratin" (X) and "epidermal
keratin derivative" (0) in 0.1 M glycine-HCI-NaOH mixtures of different pH. The iso-
electric point, of both preparations appears at pH 4.1.
Fin. 2. Continuous zone electrophoresis pattern of dialyzable component of cornified
epithelium obtained after 3 hours run in 1/15 M phosphate buffer of pH 5.2. Filter paper
was sprayed with ninhydrin. Line I corresponds to acidic amino acids, line II to neutral
and line III and IV to basic amino acids.
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TABLE II
Chemical and physico-chemical data of epidermal keratin derivatives
Preparation Obtained by: Nitrogen Carbohydrates Cystine * ElectrophoreticMobility X 10
0.O2NNaOH 15.88 0.91 0.23 7.85
0.02M Na2S 15.57 0.24 0.23 8.29
2.5mM CH2SHCOOH in 0.02N 15.68 0.57 — 8.41
NaOH
10mM KCN in 0.02N NaOH 15.72 0.68 — 9.84
50% (NH2)2C0 in 0.02N NaOH 15.08 0.96 0.17 7.10
* Determined in 0.1 M glycine-NaOH mixture of pH 12.8.
Fin. 3. Isolated cell membranes of cornified cells of the human skin
When the residue of cornified epithelium was repeatedly suspended and extracted with
0.1 M (glycine-NaOH mixture) of pH 12.9, almost all of it was solubilized except for a 5
per cent residue. Microscopic examination of the residue showed that it contains a large
number of thick cell membranes of cornified cells, appearing mainly as wrinkled membranes
(Fig. 3).
The above results show that soluble epidermal keratin, extractable with a neutral buffer,
appears closely related to epidermal keratin derivative (prepared with 0.02 N NaOH).
At the present time it is not known whether soluble epidermal keratin represents a pre-
cursor molecular species of epidermal keratin or if it is one of the degradation products of
decomposing epidermal keratin. The epidermal keratin derivatives resemble true proteins
and therefore they can be looked upon as a satisfactory experimental material for investi-
gation of soluble subunits of epidermal keratin. The cell membranes appear as highly re-
sistant specific protective elements of single cornified cells and together with epidermal
keratin seem to facilitate a most efficient and resistant protective system against physical
and chemical agents along the entire surface of the human organism.
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